Introduction: Our aim was to identify the risk factors of clinical birth asphyxia and subsequent newborn death in the presence of nuchal cord in a sub-Saharan Africa setting. Methodology: It was a six-months' case-control study involving 117 parturients whose babies presented with a nuchal cord at delivery. The study was carried out at the Yaoundé Gyneco-Obstetric and Pediatric Hospital, Cameroon, from January 1 st to June 30 th 2013. Results: The risk factors of clinical birth asphyxia identified were: first delivery, absence of obstetrical ultrasound during pregnancy, nuchal cord with more than one loop, duration of second stage of labor more than 30 minutes during vaginal delivery. The risk factors for newborn death from clinical birth asphyxia in the presence of nuchal cord were: maternal age < 20 years, first delivery, absence of obstetrical ultrasound during pregnancy, nuchal cord with more than one loop, tight nuchal cord, duration of second stage of labor more than 30 minutes during vaginal delivery. Conclusion: We recommend a systematic obstetrical ultrasound before labor, so as to detect the presence of a nuchal cord, its tightness and the number of loops. Also, cesarean section should be considered when a nuchal cord is associated with first delivery, tightness or multiple looping.
INTRODUCTION
Nuchal cord is of common occurrence at delivery. The reported incidence varies from 5.7% in India to up to 35.1% in Switzerland [1, 2] . In Cameroon, the published incidence of nuchal cord at delivery also varies from 5.5% to 16 .2% according to authors [3, 4] . Even though many authors have concluded that nuchal cord is not associated with adverse outcome [5] [6] [7] , most of the studies reported birth asphyxia and perinatal death related to nuchal cord [1, 2, [8] [9] [10] . SHAFFER et al. in Switzerland [2] , and LARSON et al. in USA [8] , have experienced unfavorable neonatal blood gas values at birth when nuchal cord was present. Fetal distress with low fifth minute Apgar scores and perinatal deaths in cases of nuchal cord has been reported worldwide [1, 9, 10] . At the same time, apart from tight nuchal cord that has been shown to be associated with fetal distress, operative delivery and perinatal death [1] , little is known concerning the risk factors of birth adverse outcome in the presence of nuchal cord, especially in a sub-Saharan Africa setting. The identification of these factors in our setting is an important step in reducing perinatal morbidity and mortality related to nuchal cord. The objective of this study was therefore to identify the risk factors of clinical neonatal asphyxia and subsequent newborn death in the presence of nuchal cord. This case-control study involved 117 parturients whose babies presented with a nuchal cord at delivery at the Yaoundé Gyneco-Obstetric and Pediatric Hospital, Cameroon. After the approval of the protocol by the ethical committee of the hospital, all the parturients with babies presenting with a nuchal cord at delivery, from January 1 st to June 30 th 2013, were consecutively recruited. Intrauterine fetal death before labor was an exclusion criteria. Each woman was counseled about the study and her consent was obtained prior to recruitment. A pretested questionnaire was administered by an investigator and information was retrieved from the patients' files. The variables of interest were: maternal age, parity, gestational age, ultrasound during pregnancy, mode of delivery, duration of expulsion in case of vaginal delivery, number of nuchal cord loops, type of nuchal cord (tight or loose), fetal weight, fetal sex, fifth minute Apgar score and newborn death following clinical asphyxia. Clinical birth asphyxia was considered when the fifth minute Apgar score was <7. To identify the risk factors of clinical neonatal asphyxia, the parturients whose babies had clinical asphyxia at birth (case group) were compared to those with babies having a fifth minute Apgar score ≥7 (control group). The risk factors of newborn death following clinical asphyxia were identified by comparing parturients with newborn death following clinical asphyxia at birth (case group) to those without newborn death (control group). The calculated minimal sample size was 6 subjects for each group, based on the 0.2% of newborn death due to nuchal cord among 3136 deliveries reported by DHAR et al. [1] . The chosen precision for statistical calculations was 5%. Statistical analysis was done using Epi info 3.5.3 software. The difference was statistically significant for P < 0.05. Pearson's Chi square and Fisher's exact test were used to compare proportions. Odds ratio (OR) and its 95% Confidence Interval (CI) were calculated to assess the association between the variables and clinical birth asphyxia as well as subsequent newborn death.
METHODS

RESULTS
During the six months' recruitment period, we recorded 1405 deliveries of which 117 fetuses presented a nuchal cord at birth, giving an incidence of nuchal cord at birth of 8.3%. Only one twin pregnancy was encountered with nuchal cord for the second twin. Of the 117 cases of nuchal cord, 16 neonates (16/117; 13.7%) had a fifth minute Apgar score <7. The incidence of clinical birth asphyxia in nuchal cord cases was 13.7%. Among the 16 neonates with poor fifth minute Apgar score, 8 (8/117; 6.8%) died in spite of resuscitation efforts, giving an incidence of newborn death following birth of 6.8% among neonates born with a nuchal cord and presenting clinical neonatal asphyxia.
The risk factors of clinical birth asphyxia identified using bivariate analysis were ( Table 1) The risk factors for newborn death from clinical birth asphyxia in case of nuchal cord were ( Table 2 ): maternal age < 20 years (P < 0.001; OR = 12.5; CI = 3.1 -50.1), first delivery (P = 0.002; OR = 16.8; CI = 3.3 -87.1), absence of obstetrical ultrasound during pregnancy (P = 0.03; OR = 7.6; CI = 1.9 -30.0), nuchal cord with more than one loop (P = 0.01; OR = 7.9; CI = 1.9 -33), tight nuchal cord (P = 0.009; OR = 8.3; CI = 2.0 -34.8), duration of second stage of labor more than 30 minutes during vaginal delivery (P = 0.002; OR = 22.9; CI = 5.5 -95.1).
Protective factors of newborn death following clinical neonatal asphyxia in nuchal cord were ( Table 2) Among the 93 mothers who delivered vaginally, first delivery was significantly associated with second stage of labor lasting more than 30 minutes (P < 0.001; OR = 19.2; CI = 5.7 -64.7).
DISCUSSION
Maternal age less than 20 years is identified as a risk factor of newborn death from clinical birth asphyxia. This factor is not commonly found in the available literature. In fact, it seems more a confounding factor than an independent risk factor. When a delivery takes place at maternal age less than 20 years, it is usually the first experience in a woman's reproductive life. Therefore, primiparity appears to be the factor explaining this finding.
According to our findings, the first delivery exposes to clinical birth asphyxia and subsequent newborn death when a nuchal cord is observed. RHOADES (10) [11] have found that parity ≥1 before delivery was associated with success of induction in Italy. We also found that primiparity was significantly associated to a second stage of labor lasting more than 30 minutes, which itself was a significant exposure to clinical birth asphyxia and subsequent newborn death. These findings are similar to those of OGUEH et al. [12] who found a significant association between primiparous with tight nuchal cord and prolonged second stage of labor in Canada. Therefore, prolonged second stage of labor can explain the role of primiparity as a risk factor of birth adverse outcome in this study.
OPEN ACCESS
The absence of obstetrical ultrasound is a risk factor of both clinical birth asphyxia and subsequent newborn death. This is a finding that is probably specific to our milieu. In developed countries, all pregnant women have at least one obstetrical ultrasound done before delivery [13] . This is not the case in our study. Even though GONZÁLEZ-QUINTERO et al. noted that a sonographically detected nuchal cord is not associated with important perinatal complications [14] , the practice of obstetrical ultrasound gives the awareness on the presence of nuchal cord with some characteristics such as the type (tight or loose) and the number of loops, which are identified in this study as risk factors for adverse outcome. On the other hand, the increased risk of cesarean section in nuchal cord cases reported by some authors in Western Countries [15] is probably and at least partially explained by the routine third trimester obstetrical ultrasound.
Nuchal cord with more than one loop is found a risk factor of clinical birth asphyxia and subsequent newborn death. This is similar to the findings of JAUNIAUX et al. in Belgium, who reported that multiple looping of the umbilical cord around the fetal neck was the main factor associated with meconium-stained amniotic fluid, emergency cesarean section, need for neonatal resuscitation and admission to the neonatal intensive care unit when nuchal cord was documented at delivery [16] . LARSON et al. also found in Oklahoma City, USA, that a multiple looping of nuchal cord was associated with abnormal fetal heart rate pattern during advanced labor, low or midforceps application, meconium-stained amniotic fluid and an abnormal umbilical artery pH [8] . In fact, multiple loops shorten the cord length and probably exposes to cord traction and compression.
In this study, tight nuchal cord was a risk factor of newborn death from clinical birth asphyxia. Tight nuchal cord is the commonest factor associated with adverse neonatal outcome. When comparing tight nuchal cord to loose nuchal cord in an Indian hospital, DHAR et al. found that babies with tight nuchal cord were more frequently met with fetal distress, prolonged second stage and operative delivery [1] . A Canadian study also experienced more shoulder dystocia cases when the nuchal cord was tight [12] . In Cameroon, KEMFANG NGOWA et al reported higher rates of cesarean sections and transfer of the baby to the neonatology unit in tight nuchal cord cases [4] . The same team found lower rates of emergency cesarean section and transferred to the neonatology unit amongst loose nuchal cords.
The duration of second stage of labor more than 30 minutes is found to be a risk factor to both clinical birth asphyxia and subsequent newborn death. A longer second stage of labor has been reported in nuchal cord cases, especially in parturients delivering for the first time [12] and multiple looping nuchal cords [8] . This result may help to explain the finding of primiparity as risk factor of adverse outcome in nuchal cord by the present study.
However, our results must be considered with some limitations. The number of the subjects included in the case groups is limited, just above the calculated minimal sample size for each group. Also, logistic regression was not used during analysis. All these might have given some bias to our results.
CONCLUSIONS
Maternal age < 20 years, first delivery, absence of obstetrical ultrasound during pregnancy, nuchal cord with more than one loop, tight nuchal cord, duration of second stage of labor more than 30 minutes during vaginal delivery, are risk factors of clinical birth asphyxia and/or subsequent newborn death in nuchal cord identified in our setting.
We recommend a systematic obstetrical ultrasound before labor, so as to detect the presence of a nuchal cord, its tightness and the number of loops. Also, cesarean section should be considered when a nuchal cord is associated with first delivery, tightness or multiple looping.
These risk factors may also be used in the future to build a score that may be helpful in decision making when facing a singleton term pregnancy with a nuchal cord before delivery.
